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Executive Summary

This article further develops a framework of Brander and Spencer
(1984) by adding Border Carbon Adjustments (BCA) to compensate for
cost differences caused by emissions reduction among countries. On a
level playing field, BCA is one-directional in that only a country with a
more stringent carbon tax can impose BCA on its imports. In a twostage game with a reciprocal market model, governments move first by
choosing domestic carbon tax rate on their own firms. The level of BCA
is determined by both home and foreign carbon taxes. Firms take taxes
and BCA as a given and compete by choosing either output levels or
prices. The right to impose BCA makes two countries unequal in that a
country with the right can extend the influence range of its domestic
carbon tax on imports while the other cannot. Besides equalizing carbon costs across countries, BCA changes the incentive structure regarding governments’ domestic climate policy choices, as governments try
to maximize their countries’ welfare. Our findings are robust whether
the competition is Cournot or Bertrand because the effect by BCA dominates the mode of competition.
Keywords: Strategic Trade Theory, Carbon Tariff, Border Adjustment
JEL Classification: H7, Q2, R3

국문요약

본 연구는 국경간 탄소조정(Border Carbon Adjustment)의 효과를 무역정책적 측면에
서 분석하기 위하여 Brander and Spencer(1985)의 전략적 무역정책 이론틀을 발전시
켰다. 일반적으로 국경간 탄소조정은 탄소세나 탄소배출권 가격 등 국내생산자가 직
면하는 탄소가격과 동일한 부담을 수입자에게 지우는 정책을 의미한다. 2단계 호혜적
시장(reciprocal market) 모형을 사용하여, 먼저 1단계에서 각 정부가 자국의 탄소세율
을 결정한다. 이때 상대국이 정한 탄소세율이 높을 경우 자국의 수출업자는 그 차이만
큼 국경간 탄조조정세가 부과되고, 자국의 탄소세율이 높을 경우에는 수입업자에게
그 차이만큼 국경간 탄소조정세를 부과하게 된다. 2단계에서 각 기업들은 주어진 탄소
세율과 국경간 탄소조정에서 내수공급량 및 수출량을 결정한다. 분석결과, 국경간 탄
소조정이 도입되면 자국 탄소세율이 높은 국가의 한계탄소저감효과가 탄소세율이 낮
은 국가보다 크게 되는 등, 국내 탄소세율의 글로벌 차원의 효과가 달라지게 된다. 또
한 자국 탄소세율과 상대국 탄소세율의 전략적 관계는 경쟁의 형태(수량경쟁인지 가
격경쟁인지)에 의존하기보다는 국내 탄소세율을 상대국과 비교하는 기후변화정책 리
더쉽에 의존함을 보이고 있다.

핵심용어: 무역정책, 환경정책, 탄소관세, 국경간조정
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Strategic Trade Policy with Border Carbon
Adjustments
Jeongmeen Suh

I. Introduction

The difference across countries in their level of unilateral efforts to
address climate change raises concerns that competitiveness of domestic industries in the restrained country will deteriorate. Though it
would be best if such concerns could be assuaged through harmonized
international climate policy, 192 member countries have yet to reach a
mutually satisfictory solution in terms of sharing the mitigation burden
since UNFCCC (United Nation Framework Convention for Climate
Change) was established in 1992. As an alternative for leveling the
playing field in international trade, Border Carbon Adjustments (BCA)
have recently received a fair amount of attention. Border Adjustments
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typically imply requiring importers to pay a tax at the same price as
faced by domestic producers and BCA is a version of this in the context
of climate change.
Recently, literature on BCA is growing, though most of studies focus
on its quantitative impacts by using the Computable General Equilibrium (CGE) models (Matoo et al. (2009) and Boehringer et al. (2010)).
Still there are only few theoretical analyses which discuss optimal
emission tax policies with BCA chosen by a welfare maximizing government (Gros (2009) and Yomogida & Tarui (2011)). This article focuses on investigating the effects of BCA on domestic climate policies and
their global implications when two countries have a strategic trade relationship. Yomogida and Tarui (2011) also analyze how BCA affects
incentives for governments to use emission tax policiesas strategic instruments for influencing market outcomes. They consider both types
of border adjustments, import tax and export rebate while our model
only allows for BCA in the form of taxes. However, we provide a discussion why the rebate case is a less likely WTO-consistent case. Also,
in their model, BCA is imposed independently of both home and the
foreign country’s climate efforts. In this article, however, BCA depends
on both countries’ carbon tax rates. That is, we pay attention to the fact
that the key objective pursued by BCA is to equalize cost differences
caused by reduction of GHG (Greenhouse Gases) across countries,
therefore BCA will be one-directional; only a country with a more
stringent climate policy can impose BCA on its imports. This approach
is consistent with current discussions on BCA. It is known that BCA
seeks to address competitiveness concerns as a result of differing cli-
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mate policies, since it was first proposed by the former French Prime
Minister Dominique de Villepin in November 2006 at the 12th Conference of the Parties (Zhang(2011)). Reflecting this, the European Commission has suggested that it could implement a ‚carbon equalization
system ... with a view to putting EU and non-EU producers on a comparable footing. Such a system could apply to importers of goods requirements similar to those applicable to installations within the European Union, by requiring the surrender of allowances‛ (European
Commission, 2008). In the United States, the American Clean Energy
and Security Act (H.R. 2454) was passed by the House of Representatives in 2009. Title IV, Subtitle A of H.R. 2454 seeks to ‚prevent an increase in greenhouse gas emissions in countries other than the U.S.‛ (p.
1087) by requiring importers of certain products from countries having
not taken ‚greenhouse gas compliance obligations commensurate with
those that would apply in the United States‛ to purchase emission allowances, a measure analogous to a tariff. In terms of a carbon equalization system with emission allowances, the equal treatment between
foreign and domestic goods is achieved when the carbon price charged
to both a domestic and like foreign product in the domestic market are
equal. Following this approach, BCA can be described into a difference
form; domestic carbon price less foreign carbon price. Consequently,
only a country imposing a higher carbon tax can institutea BCA, not a
country with a lower carbon tax.
By adding BCA, this article develops a reciprocal market model
akin to that of Brander and Spencer (1984) in which intra-industry
trade in homogeneous goods rises in an oligopolistic industry due to

10
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imperfect competition and production generates pollution that causes
cross-border externalities. The strategic trade policy framework is useful in a BCA context in the sense that most carbon-intensive industries
(e.g. steel, cement, chemicals) typically are monopolistic or oligopolistic. In a two-stage game involving two governments and their respective monopoly firms, governments move first by choosing their domestic carbon tax rate given a functional form of BCA. Firms take taxes as
given and compete by choosing either output levels or prices. The typical result in strategic trade policy literature is that governments have
incentives to export subsidization in a strategic fashion in an attempt to
affect trade patterns in favor of their domestic firms. Barrett (1994) and
Ulph (1996) show that similar results hold in environmental policy
contexts. Instead of an explicit trade policy, governments have a strategic incentive to implement less stringent environmental policy as a
hidden subsidy to extract foreigners’ rents. Such a perspective is well
expressed in comments by Joseph Stiglitz, ‚not paying the cost of damage to the environment is a subsidy, just as not paying the full costs of
workers would be.‛
The main results are as follows. First, a country imposing a higher
carbon tax can exert a leadership in global emission reduction in that it
receives greater marginal abatement effects from its domestic carbon
tax on global emission than a country with a lower carbon tax. The intuition is that an increase of one unit of domestic carbon tax by the lead
country whose tax is higher not only reduces emissions of that country’s domestic firms but also forces foreign firms to reduce their emissionsin the face of BCA. Since a country behind in terms of emissions
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cannot charge BCA on imports from a country with a more stringent
climate policy, its carbon tax impacts only its domestic firm’s emissions.
Second, unlike the literature of strategic trade policy, strategic relationships between home and foreign policies does not depend on the mode
of competition, but on whether one country is a climate policy leader.
The lead country’s carbon tax is a strategic complement to foreign carbon tax while a follower’s carbon tax is a strategic substitute. The intuition is as follows. The lead country can use its domestic carbon tax not
only for its own domestic climate policy, but also for its trade policy
since its carbon tax influences foreign firm’s behavior with respect to
BCA. It allows that country to be aggressive. When a lead country raises its carbon tax, it is better for a country that is behind to lower its carbon tax as a hidden subsidy for its domestic firm, as seen in Barrett
(1994). This result is robust to the mode of competition, both in cases of
Cournot and Bertrand competitions, because the BCA-holding effect
dominates the mode of competition effect on the best response of carbon tax. Finally, BCA creates a discrepancy in carbon taxes across countries. That is, the lead country’s carbon tax becomes higher while taxes
in the country trailing behind decreases relative to a time prior to introduction of the BCA due to strategic trade policy concerns. The result
implies that introducing BCA will probably not induce developing
countries into instituting stringent climate policies to protect its industry with hidden subsidies.

II. Model

1. Setup
We developed a two-stage game model where governments choose
environmental policies and firms play a Cournot-Nash game.1 Consider
a reciprocal market model where an international duopoly produces its
products. The preferences of a representative consumer in country i
is given by a quasi-linear utility function

U i = qii  q ij 



  



2
1 i 2
qi  q ij  2qii q ij  y
2

i

where q j is the quantity supplied in country i by firm j , and

y is a numeraire good. With a fixed income, utility maximization then
yields the following inverse demand functions:

pii = 1  qii  q ij and p ij = 1  q ij  qii
i, j = 1,2, i  j , where p ij is the price of good j (produced by firm

j ) in country i . Each firm supplies its products for each market i
and j separately. There are no fixed costs and marginal production
costs are assumed to be constant and equal for both firms. Without loss
1

Bertrand competition case will be discussed later.
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of generality, these costs are set equal to zero. Production of the goods
causes emissions of a pollutant. Depending on its low-carbon technology level, each firm has a different carbon intensity on production. Denote  i by a coefficient of firm i ’s carbon intensity. Without loss of
generality, assume that 1 <  2 to denote country 1 to be a developed country with a more advanced low-carbon technology with country 2 representing a developing country. Henceforth, we will call the
difference in carbon intensities across two countries intensity gap. For
output level qik , emission from firm i are given by

Ei = k i qik where k = 1,2 .
Because greenhouse gases are a typical global pollution, total pollution each country suffers is a simple sum of each firm’s emission;

 = iEi .
Pollution causes environmental damage, and the social evaluation
of these costs is given by a damage cost function Di = D(; di ) ,
where d i is a parameter for environmental sensitivity, D' () > 0 , and

D'' ()  0 . Assume that d1  d 2 in that a country with a more advanced low-carbon technology is generally more concerned about environmental quality. For specification, we assume that the environmental damage function is linear, Di = di  .
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Objectives
Social welfare in country i can be defined as the sum of consumers’
and producers’ surplus, net of social pollution costs. We assume that
free trade agreements prohibit the use of traditional trade policy
instruments. The only available policy instrument is an emission tax
because BCA is ultimately a function of emission taxes across countries.
Then, the objective of government of country i will be





i
i
i i
i i
i
i
maxW = U  pi qi  p j q j   i   i Ei  Bi q j  D

i


consumersu rplus




taxrevenue

where  i is profits of firm i ,  i Ei the revenue from carbon tax  i ,
i

and Bi q j isrevenue from BCA Bi which country i imposes on imports
from firm j . It is useful to reformulate the social welfare function in
the following way:

W i = U i  N i  Di ,









where N = p j  t  B j qi  p j  Bi q j is the net trade surplus for
i

i

j

i

country i .
Then, firm i ’s objective is given by
i i
j j
j
max i = pi qi  pi qi  Bj qi   i Ei .

 qi ,q j 
 i i



i
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Given a functional form of BCA, the game is played noncooperatively in two stages. At the first stage, domestic carbon tax is
chosen by each government. And then, the firms compete in Cournot
fashion by choosing output quantities for each market at the second
stage. Before solving the game, we need to construct Bi to satisfy its
key properties.
Modeling Border Carbon Adjustments
Each national policy maker i can influence global emissions by
levying carbon tax  i in two ways, directly on domestically produced
goods and indirectly on imported goods via Bi . Though how a BCA
should look like is still controversial, there are key properties that it
must retain. One of them must be Article III:2 (National Treatment
Principle) of GATT 1994 which requires a WTO Member to treat
imports the same as that of its domestic products. According to WTO
panel's previous interpretations, in terms of carbon tariff, Article III:2
might require the comparison to be made between the tax imposed on
a domestic product and the tax imposed on a foreign ‚like product‛
(Cosbey (2008)). One may argue that this property can be captured by
setting Bi =  i (for example, Yomogida and Tarui(2011)). However,
imports from developing countries usually have relatively high carbon
intensity compared to identical products made in developed countries.
As a result, although one unit of carbon would be charged the same
price, charges based on GHG emissions amount will result in a higher
tax burden on foreign firms, which might not conform to requirements
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of national treatment. Moreover, it is not consistent with the main
argument in favor of BCA, leveling the playing field between home
goods and imports by ensuring that imports are equally penalized.
Foreign firm’s production costs for exports are equalized with those of
domestic firms’ products when producers face the same costs of selling
goods in the destination market irrespective of the level of GHG
regulation in the country of origin. Since we assume that there is no
fixed cost, the only cost is a marginal one. A marginal cost firm i faces
to sell a unit of product in market i would be  i i while the cost firm

j can expect would be  j j  Bi . To level the playing field, Bi needs
to satisfy the following condition,

(National Treatment) i i =  j j  Bi

(1)

Besides the issue of how difficult it is to reach an agreement in detail
on NT-consistent BCA, BCA may violate other WTO rules. For example, all border carbon adjustment schemes proposed to date exempt
LDCs from coverage, which may violate Article I:1 (MFN principle) of
GATT 1994 as well as Article III:2. In such a case, the BCA can still be
WTO-consistent under Article XX of GATT 1994. In order to justify
provisionally a measure under Article XX(b) and (g), the measure must
be ‚necessary for protection of human, animal or plant life or health‛
and ‚related to the conservation of exhaustible natural resources.‛ As
long as Members who adopt BCA tariffs keep equalizing cost production to mitigate GHG, rather than protect domestic industries from
competition, there is sufficient ground to argue that carbon tariffs are
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‚related to‛ the goal of reducing GHG emissions, which is now treated
as an important common interest, especially when contributions
brought by BCA to GHG abatement are meaningful. For this reason, it
will not be easy to provide export subsidy in a way as to impose a
i
j
lower carbon tax on exports ( i >  i ) , though export subsidy is one

possible form of border adjustments in theory. Thus, GATT XXsatisfied BCA requires

(GeneralExceptions) ii   ij

(2)

The last constraint for modeling a BCA is a very fundamental one. It
should be consistent with national interests. Here, the emphasis on
national interest does not mean BCA should improve every country’s
welfare. Rather, it is rather a statement that it is similar to individual
rationality constraints. When a country sets its domestic carbon tax, at
least it does not impose a higher tax rate on its exports since it may
hamper the domestic firm’s price competitiveness in foreign markets.
Also, a country does not subsidize its imports even when a foreign
country imposes a higher carbon tax. In sum,

(National Interests) ii   ij andBi  0
From (2) and (3), we get a restriction on carbon tax;

 ii =  i j =  i

(3)
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Moreover, combining (1) and (3) provides us the form of BCA;

Bi =  i i   j j if  i i >  j j
=0

(4)

otherwise

In (4), a developing country’s carbon tax is more appreciated than
that of a developed country’s, which is consistent with a current
discussion on BCA. We call a country which does (not) impose BCA
the lead (lagging) country in terms of stringency of its climate policy.

2. Stage 2
By backward induction, we start from the stage 2. Under Cournot
competition, firm’s best responses will be

 

q ii q ij =

q q  =
j
i

j
j

1   i i  q ij
2

1   i i  B j   q jj
2

(5)
(6)

For a given ( 1 , 2 ) and the functional form of Bi , we can find the
equilibrium output for each market, q ii and q ij , by simultaneously
solving the firms’ profit maximization problems;2
2

Since we assume a constant marginal production cost, q ii and q ij are affected by only Bi ,
not by B j . When we consider a convex production cost function, qii and q ij will depend
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1
1  2 i i  Bi   j j
3
1
qij  ; B  = 1  2 i i  2 B j   j j
3
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When there is no confusion, ( x1 , x2 ) denoted by x . And, to
distinguish a case with BCA from a case without BCA, x( ; B)
denotes an instance with BCA’ while x( ;0) does so for ’without
BCA’. To get a feel on how BCA affects firm’s behavior, treat Bi or

B j like a variable as a whole. Then, a quick observation would reveal
that BCA acts as an import barrier

 q ij


 0
 B

 i


while such a decrease in
 q ii


 0  ,

B
 i


imports is replaced by an increase in domestic firm’s sales

where equality holds only when the country i is the country that lags
behind, that is, Bi = 0 . From (5) and (6), we can also observe how
home and foreign carbon taxes affect firm’s behaviors via BCA.
qii ( ; B) 1 
B 
2
qi ( ;0)
=  2 i  i    i = i
 i
3
 i 
3
 i
i
i
q j  ; B  1 
B   j q j ( ;0)
=  j  2 i  
=
 i
3
 i  3
 i

(7)
(8)

Generally, increased domestic carbon tax places domestic firms in a
disadvantage against foreign firms. (7) shows that, however, Bi
mitigates such adverse effects from increased carbon tax on domestic

on both Bi and B j .
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firm’s domestic sales. Also, (8) shows that Bi takes away fromfirm

j ’s relative advantage. It is because that Bi compensates for the
domestic firm’s competitiveness loss from carbon tax. That is, BCA has
the effect of leveling the playing field. On the other hand, Bi takes
into account a foreign country’s climate policy effort.
q ii ( ; B) 1 
B   j q ii ( ;0)
=  j  i  
=
 j
3 
 j  3
 j

qij ( ; B)
 j

i
B   2 j q j ( ;0)
1
=  2 j  2 i  
=
3 
 j 
3
 j

(9)
(10)

(9) shows that Bi allows foreign carbon tax to influence the
emission reduction incentive related to domestic firm behavior. From
(10), we can infer that Bi also decreases foreign firm’s disadvantage
from a foreign carbon tax. That is, BCA has a reduction-encouraging effect.

3. Stage 1
In the first stage, the social planner chooses the optimal carbon tax
rate which satisfies the following first order condition,
U i  ; B  N i  ; B  Di  ; B 


= 0.
 i
 i
 i

Aside from calculating the marginal effect of carbon tax on each
component, we will also investigate whether BCA reinforces or wea-

II. Model

21

kens the effect of home and foreign carbon taxes on each. Note the values of the leading, of the lagging country, and without BCA by X i |Bi ,

X i |B , and X i |0 , respectively.
j

(1) Effects on Global Emissions
By using the results in stage 2, we can establish the level of domestic
and global emissions in terms of ( ; B) ;

( ; B) =

 E ( ; B)

i{1,2}

(11)

i





whereEi ( ; B) =  i  qii  qij =

i
3

2  2(2 

i i



  j j )  Bi  2 B j (12)

As a benchmark, consider the marginal abatement effect of a carbon
2 i (2 i   j )
 |0
=
tax when there is no BCA, Bi = B j = 0 . Because
 i
3
for each i , the developing country’s carbon tax has a greater marginal
abatement effect on global emissions than a developed country’s;
 |0
 |0
>
 i >  j
 i
 j

Now consider whether it enhances the marginal mitigation effect of
carbon taxes. It must be remembered that BCA allows the lead country
to increase the extent of its influential range of its domestic carbon tax
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into imports, aside from activities of its domestic firm. By doing so,
BCA hampers production in the lagging country (therefore, emission)
while increasing production inthe lead country (therefore, emissions).
By using notations, we denote

|B

i

and

 i |B

i

 |0
 |0
 |B
i
by
and
,
 i |0
 i
 i

respectively.
Proposition 1

|B
 i

i

<

|0
 i

and

 |B
 j

i

>

 |0
 j

if and only if  i < 2 j .

From a simple calculation for differentiating  |Bi and  |0 with
respect to  i and  j , we immediately arrive at a result. The
proposition shows that BCA enhances the marginal abatement effect of
a lead country's carbon tax while weakening that of the lagging
country's, as long as BCA is held by the developed country or the
intensity gap is small. To see more clearly what thisimplies, note that
both home and foreign carbon taxes have the same marginal
abatement effect before introducing BCA if both countries have the
same carbon intensity, 1 =  2 =  . We can see that BCA creates a
discrepancy in the global effects of local policies across countries,
depending on which country assumes leadership regardingits
domestic climate policy;  | >  | =  | >  | .
Bi
0
0
Bi
 i

 i

 j

 j

(2) Effects on Consumer’s Utility
In terms of ( i , j ) , consumer utility level is given by
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i



8  2 i i   i2 i2  2 i i j j  2 j j   2j 2j  2(1   i i   j j ) Bi  Bi2
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.

To get the effect of introducing BCA on consumer utility in an
intuitive way, let ustreat Bi as a variable for the moment. Then, we
see that BCA decreases the utility of consumers who live in the lead
i
country; U |Bi < 0 . This result is not surprising since BCA functions as

Bi

an additional tax on goods. We can compare the marginal effect of
home/foreign carbon taxes before and after introducing BCA. Since
Bi > 0 implies  i i   j j , therefore 3 i i >  j j , we arrive at the
following results;
 i 1  3 i i   j j 
U i
U i
|B 
|0 = 
<0
i
 i
 i
9
 j 1  3 i i   j j 
U i
U i
|B 
|0 =
>0
i
 j
 j
9

(13)
(14)

Generally, both home and foreign carbon taxes impact consumer
utility negatively;

U i
U i
|0 < 0 . (13) shows that the lead
|0 < 0 and
 j
 i

country’s carbon tax dampens, in direct fashion, imports as well as
domestic production. Thus BCA increases the marginal utility loss
from adomestic carbon tax. From (14), we can see that the marginal
utility loss of foreign carbon tax is reduced. It is because a higher
foreign carbon tax lead to decreases in the lead country’s BCA, which
allows more imports.
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(3) Effects on Net Trade Surplus
Net trade surplus can be decomposed into exports and imports,
briefly denoting EX and IM , respectively;









N i ( , B) = pij  B j qij  p ij  Bi q ij


EX i




IM i

By using a firm’s optimal behavior, we can construct each EX i and

IM i in terms of  ;
EX i ( ; B) =

IM i ( ; B) =

1   

i i



  j j  2 B j 1  2 i i   j j  2 B j

9
1   i i   j j  2 Bi 1   i i  2 j j  2 Bi





9





(15)
(16)

From these, we are able to explain the government’s incentive in
lowering its carbon tax rate for the sake of competitiveness. When there
is no BCA, the carbon tax lowers exports but increases imports;
EX i
|0 < 0
 i

and

IM i
|0 > 0 .
 i

Next, consider how BCA changes the marginal

effect of carbon taxes on exports and imports. For imports, BCA
increases the effectiveness of the lead country’s carbon tax as an import
barrier;

IM i
IM i
|B <
|0 .
 i i  i

With respect to competitiveness, it can be stated

that BCA contributes to levelling of the playing field by adjusting the
difference in climate burden. For exports, the marginal effect of the
lagging country’s carbon tax on exports may increase after introducing
BCA because the opponent’s BCA actually stimulates the lagging coun-

II. Model
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try’s climate efforts. The following proposition shows that, however,
this occurs only when neither the gap in carbon taxes nor intensity between the lead and the lagging country is huge. As we will see later, in
equilibrium, this is the case when the lagging country has a sufficiently
high carbon-intensity.3 It is because the marginal compensation by
BCA is greater than the marginal production loss of the carbon tax itself when the lagging country’s carbon intensity is significantly high.
Proposition 2 (i) IM i |B < IM i |0 , and (ii) EX i |B > EX i |0 if and only if
i
j
 i

 i

 i

 i

 j j < 2(1   i i ) .

Proof. By differentiating (16), we get
which

gives

us

(i)

immediately.

EX i
EX i
2
|B 
|0 = i 2  2 i i   j j
 i j
 i
9





which

IM i
IM i
2
|B 
|0 =  i 2   j j
 i i
 i
9

From
implies

(15),





we

get

EX i
EX i
|B >
|0
 i j
 i

iff

 j j < 2(1   i i ) . Q.E.D.

From the proposition, we can observe that BCA levels the playing
field concerning both exports and imports. Through the BCA, the lead

3

 j τ Lj < 2(1   i τ iB )  2(9d j  19di )i  9(2di  d j ) j < 27 . In next section, we can get the
equilibrium carbon tax ( τ iB , τ Lj ) . When di  d j =  where



is sufficiently small, the condi-

tion  j τ < 2(1   i τ ) equals (27 j  20i )dj  (18 j  38i ) < 27. And it holds if  i > 27  j .
L
j

B
i

20

When  i < 27  j , the condition holds only when
20

dj >

27  (18 j  38 i )
27 j  20 i

,

EX i
EX i
|B >
|0
 i j
 i

if and only if

dj <

27
i >  j .
20

27  (18 j  38 i )
27 j  20 i

. Hence, when
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country can reinforces its carbon tax as an import barrier and the lagging country uses it to soften up the lead country’s BCA barrier. Finally,
there is also an implication from a political-economic perspective. Since
we assume a constant marginal production cost, profit function of each
firm can be divided into profit function for home sales and that for exports. Remember that no producer prefers domestic carbon tax increase when there is no BCA. However, under the BCA, increase in the
lead country’s carbon tax may function as an import barrier since import-boosting effect by carbon tax become weaker. Then, we can expect
that attitudes of home market sellers will be more favorable towards an
increased carbon tax. Also, an increase in domestic carbon tax relaxes
the adverse effect from foreign BCA on country i ’s exports. Then,
exporters in the lagging country may become more friendly toward the
domestic climate policy.

Ⅲ. Equilibrium Analysis

In this section, we find the best response and then the equilibrium
carbon tax. First, consider the case when there is no BCA, as a starting
point.

1. Position-dependent Best Responses
(1) The Best Response without BCA
As we saw in the previous section, increase in  i is positive on
environmental concern (  Di ) but negative on consumer utility and net
trade surplus. From such a trade-off, the best response τ i0 is given by

τ i0 ( j ) =

  j j  6(2 i   j )d i  4

= 0 for  j 

7 i
6(2 i   j )d i  4

 6(2 i   j )d i  4 

for  j  0,

j



(17)

j

In strategic trade policy literature, it is a well-known that the trade
policy variable has a strategic substitute relationship under the Cournot competition. Barrett (1994) shows that the same result holds in environmental policy contexts in that a relaxed environmental standard,
like R&D subsidy, shifts foreign firms’ rents to domestic firms. From
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(17), we can confirm that there is a similar relationship in a carbon tax
context;

τ i0 ( j )
 j

=

j
7 i

< 0.

(2) The Best Response with BCA
Now we consider a case where BCA is introduced in a form as seen
in (4). Basically, whether BCA enhances or weakens the effect of  i on
both  Di and N i depends on the intensity gap or environment sensitivity. However, the most outstanding feature with respect to introducing BCA is that BCA creates a discontinuity of best responses depending on whether a country is a leading or a lagging country. Thus,
we consider the best response for each case separately.
First, consider the case where country i is the lagging country,
 i i <  j j . As a sub-case, suppose the difference in carbon intensities
is small (  j < 2 i ). In this case, the optimal carbon tax is positive
unless the lead country imposes a very high domestic carbon tax. Note
that if the opponent imposes a very low carbon tax, country i can
become the lead country. Thus, the best response as a behind country
only exists when the opponent imposes a significantly higher carbon
tax. However, when the opponent’s carbon tax is too high, it is better
for the behind country to focus on profit-shifting with a low carbon tax
because the opponent’s BCA is a sufficient device for addressing the
behind country’s environment concern. In sum, the best response τ bi
is given by

Ⅲ. Equilibrium Analysis

τ bi ( j ) =

  j j  (2 i   j )d i

i
2 i   j
= 0 for  j >
di
j

 2 i   j
2 i   j 
for  j  
di ,
di 
j
  i   j
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(18)

In a non-trivial case, the relationship between  i and  j is the
strategic substitute (

τ bi ( j )
 j

<0)

like the case without BCA. Such a simi-

larity comes from the fact the lagging country does not have a BCA.
Since the lagging country is impacted by BCA indirectly in the presence of the opponent’s BCA, however, the degree of strategic relationship is different from a case without BCA. That is, τ i ( j ) is more
b

sensitive to  j than τ i ( j ) due to the influence of the opponent’s
0

BCA;

τ bi ( j )
 j

=

j
j
τ i0 ( j )
>
=
i
7 i
 j

. Another subcase involves a situation

where the opponent's carbon intensity is sufficiently high (  j > 2 i ).
Note that the marginal effect of the lead country's carbon tax on BCA is
equivalent to its carbon intensity  j which is very large. Given this,
the behind country has less of an incentive to impose its domestic
carbon tax, as its marginal compensation from the BCA is small. In this
case, again, a profit-shifting motive dominates, thus easing the
domestic burden as much as it can. Hence, a less carbon-intensive
country's strategy fora lagging country would be to impose the lowest
carbon tax.

τ bi ( j ) = 0 for  j  0, 

(19)
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Now, consider a case where country i is the lead country,
 i i >  j j . The feature most readily apparent in this case is that  i
becomes a strategic complement to  j ( τ i ( j ) > 0 ). That is, the lead
l

 j

country’s domestic climate policy can be an aggressive one, because the
lead country can exert influence through the BCA on its opponent.
Again, we can divide this case into two sub-cases according to the difference in carbon-intensities between countries. Suppose the opponent’s carbon intensity is not significantly higher than country i ’s
(  j < 5 i ). Country i gives up its aggressive position when the
opponent’s carbon tax rate is very high, specifically when
9 i d i  1
j >
. In such a case, to be the lagging country is better than to
10 i  2 j
compete to get BCA initiative because the marginal impact from the
opponent’s BCA is not huge.
τ li ( j ) =

2 j j  9 i d i  1
10 i

 9 i d i  1 
for  j  0,

 10 i  2 j 

(20)

Another subcase is when the opponent’s carbon intensity is

significantly higher (  j > 5 i ). Then, the lead country tries to avoid

losing its BCA advantage because the impact of BCA on a high carbonintensive country will be serious once such a developing country holds
the BCA leadership. Therefore, the lead country will always try to
l
maintain its aggressive stance. The best response τ i in this case is

given by

Ⅲ. Equilibrium Analysis

τ li ( j ) =

2 j j  9 i di  1
10 i

for  j 0,  
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(21)

From these position-dependent best responses, we can construct the
full best response sets and get the equilibrium carbon tax. Generally, a
l
b
country chooses a lead (behind) strategy τ i ( τ i ) when its trading

partner chooses a low (high) carbon tax. When the opponent’s carbon
tax level is atan intermediate level, however, either strategy might be
an option. Specifically, (i) when  j > 5 i , both a lead strategy (21) and
a lag strategy (19) are available for  j  0, ) . (ii) When  j < 2 i , a
lead strategy (20) is available for  j  0,

2 i   j

i   j

d i ) , a lag strategy (18)

for  j > 9 i d i  1 , and both (20) and (18) are available for the
10 i  2 j
intermediate value of  j where both intervals are overlapping. (iii)

When  j  2 i ,5 i , setting zero carbon tax is always a option for a
behind strategy (19) and whether to keep a lead strategy (20) depends
9 i d i  1
on whether  j is greater or smaller than
.
10 i  2 j

2. Equilibrium Carbon Taxes

τ iL and τ iB are in equilibrium when country i is the lead and the
behind country, respectively. Note that τ iL ( τ iB ) cannot coexist with

τ Lj ( τ Bj ) for each i = j , by definition of Bi . Once an equilibrium
exists, then it must be the case where a pair of ( τ iL , τ iB ) exists at the
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same time, where τ li crosses τ j .
b

Proposition 3 For each i , there exists a pure equilibrium ( τ i , τ j )
L

where τ iL =

9 i d i  2(2 j   i )d j  1
12 i

and τ Bj =

10(2 j   i )d j  9 j di  1
12 j

B

if and

only if d   2(2 i   j ) d  1 , 10(2 j   i ) d  1  . And there exists such
i
j
j


9 i

9 i

9 j

9 j 

d i if and only if 2  16i j  10 d j   j  i , for given ( i ,  j ) .
2
j

2
i

Proof. From (18), (19), (20), and (21), (i) τ li ( τ bj )  0 if and only if
9 j d j > 2(2 j  2 i )di  1 and

(ii)

τ bi ( τ lj )  0

if

and

only

if

10(2 i   j )di  1 > 9 i d j , for each i . Since the existence of τ Bj requires

the existence of τ iL and vice versa, the equilibrium ( τ iL , τ Bj ) exists if and
only if both (i) and (ii) are satisfied, that is, if and only if there exists d i
such that
 2(2 i   j )
1 10(2 j   i )
1 
di  
dj 
,
dj 

9 i
9 i
9 j
9 j 


(22)

For a given (  i ,  j ), we can find the condition for d j satisfying (22)
if and only if

2

2
j



 16 i j  10 i2 d j   j   i

(23)

Plugging (18), (19), (20), and (21) each other gives us the equilibrium

Ⅲ. Equilibrium Analysis
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value, τ iL = 9 i di  2(2 j   i )d j  1 and τ Bj = 10(2 j   i )d j  9 j di  1 .Q.E.D.
12 i
12 j
As a benchmark, consider the equilibrium without BCA from (17).
In this case, the equilibrium exists when





7(2 i   j )di  (2 j   i )d j  4,49(2 j   i )d j  4



and the equilibrium τ10 , τ 02
τ i0 =



is given by

7(2 i   j )d i  (2 j   i )d j  4
8 i

(24)

.

(25)

To concentrate on how the intensity gap matters, assume that
di = d j = d . One merit of this assumption is that once such d
satisfies (23), it directly satisfies (22). Then, (25) is simplified into
τ i0 =

15

i

 9 j d  4
8 i

In this case, (24) is satisfied if (2 j   i )d >

(26)

2
. That is, equilibrium
3

exists as long as the gap intensity is not huge and environment
sensitivity is large enough. Basically, when a country chooses a lead
strategy which is aggressive, a subdued response by its opponent can
create an equilibrium to avoid a trade war. We can find another
corresponding equilibrium for each i , which satisfies (24). Similar to
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(24), (22) confirms that the existence condition requires a difference in
environmental valuations across countries that is not too broad. The
proposition provides the conditions for either a developing or a
developed country to be the leader in an equilibrium. One important
prerequisite is that the environmental sensitivity gap between two
countries should not belarge. And we can observe that conditions for a
developing country to become the lead country is more limited relative
to a developed country. The following corollary presents this point in
detail.
Suppose (22) holds. Then,
L
B
(i) when  i <  j , ( τ i , τ j ) exists if d j 

 j  i
,
2  16 i j  10 i2
2
j

L
B
(ii) when  i   j , 4  21  j  , ( τ i , τ j ) for any d j ,



(iii) when  i >

5



i   j
4  21
.
 j , (τ iL , τ Bj ) exists if d j <
2
10


2 2j  16 i j
5
i

(i) implies that a developed country can be the lead country if the
environment sensitivity of a developing country is sufficiently large. (ii)
means that if the difference in carbon intensities across countries are
not huge, a developing country can be the lead country. Finally, (iii)
shows that if the carbon-intensity of a developing country is significantly higher than that of a developed country, the developing country
can be the lead country if the developed country’s environment sensitivity is not large enough.
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3. Impacts of BCA
(1) Impact of BCA on Carbon Tax
First, compare carbon tax rates ofthe lead ( τ iL ) with that ofthe
lagging country ( τ iB ). To concentrate on how the intensity gap matters,
assume that di = d j = d .

τ iL > τ iB  7 j  2 i d > 1

(27)

(27) implies that the equilibrium carbon tax in adeveloped country
is higher when itis the lead country than when it is a lagging country,
as long as the environment sensitivity is sufficiently large. For a
developing country, however, it is true only when its carbon intensity
is not much higher than a developed country’s, specifically when
7
 2 < 1 . Next, compare the equilibrium carbon tax rates for cases
2
with and without BCA.
Proposition 4 When di = d j = d , (i) τ iL > τ i0  (35 j  32 i )d  10 > 0
and (ii) τ i0 > τ iB  (23 i  7 j )d > 14 .
Proposition directly comes from the comparisons. This result shows
how BCA affects a government’s choice on its optimal carbon tax. First,

τ iL > τ i0 > τ iB as long as the environment sensitivity is sufficiently high
and the intensity gap is not large. In this case, BCA creates a gap in
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carbon tax choices, depending on a country’s position. When a country
becomes the lead (the behind) country, it imposes a higher (lower) tax
compared to a case without BCA. To highlight this point, suppose two
countries are symmetric in that  i =  j =  . In this case, the proposi-

tion shows that BCA may allow two symmetric countries to choose different levels of carbon tax, with one choosing a higher and the other a
lower carbon tax compared to the case before introducing the BCA.
Second, the condition for (i) can be achieved only by a developed country or a developing country whose carbon intensity is not much higher
than its opponent. It implies, in equilibrium, that a developing country
with a high carbon intensity will impose a lower carbon tax after BCA
is introduced; τ i0 > τ iL and τ iB . That is, imposing BCA may even
discourage a developing country to implement a climate-friendly
policy, which contradictspro-BCA arguments prevailing at the moment.
(2) Impact of BCA on Global Emission
The main purpose of introducing a carbon tax is to reduce emissions.
So, we need to consider whether BCA actually helps to reduce global
emission and therefore environmental damage, through carbon taxes.
The argument for BCA is based on the following logic: as a tariff on
imports, BCA reduces production from a country with a lower carbon
tax. Because emission level increases proportionally to the production
level, BCA has the effect of reducing global emissions. First, note that
this line of reasoning ignores governments’ strategic reaction to
introducing the BCA. That is, it is based on the assumption that

Ⅲ. Equilibrium Analysis
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 i |B =  i |0 . Second, even in such cases,BCA does not always reduce
global emissions. From (12), we can find that Ei |Bi  Ei |0 =
and E j |Bi  E j |0 = 

2 j
3

i
3

Bi > 0

Bi < 0 . Whether BCA contributes to global

mitigation depends on whether the latter dominates the former, and
this depends on how much clean technology the lead country has
compared to the behind country.
Proposition 5 With holding  i |B =  i |0 ,  |B <  |0 if and only if
i

 i < 2 j .
The proof is straightforward since  |Bi  |0 = 

2 j   i
3

Bi . When

the lead country is the developed country, BCA contributes to global
emission reduction since 1 <  2 . When the developing country can
enacts aBCA, it also reduces global emission as long as the intensity
gap is not huge,  2 < 21 . As we saw, either developed or developing countries can be the lead country in an equilibrium. But conditions
are more limited for developing countries. When the developing country hasa huge intensity gap (  2 > 21 ), it can be the lead country in
equilibrium if its environmental sensitivity is low enough. In such a
case, BCA exacerbates global emissions rather than reducing it.

IV. Discussion: Strategic Relationships between
Home and Foreign Carbon Taxes
It is well known that a strategic relationship between two countries’
trade policy is sensitive to the mode of competition in its strategic trade
policy framework. Barrett(1994) shows that the same thing happens in
environmental policy contexts in that a relaxed environmental policy
shifts foreign firms’ rents, like R&D, to domestic firms subsidy under
the Cournot competition. In the Bertrand competition, however, the
opposite is true; each government imposes a more stringent environmental policy as its opponent government does. In this section, we discuss whether introducing BCA makes any difference. Remember that
0
the best response without BCA is given by τ i ( j ) =

  j j  6(2 i   j )di  4
7 i

.

Consistent with Barrett(1984), climate policies between countries are
strategic substitutes in the Cournot competition,

τ i0 ( j )
 j

< 0 . For the

robustness check, we utilized theBertrand competition andfound
similar results.4 It implies that strategic relationships between home
and foreign carbon taxes depend on the relative stringency of carbon
tax rates, not the mode of competition.

4

To ensure the existence of a pure equilibrium, we introduce the product differentiation parameter.
For details, please see the Appendix.
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Proposition 6 When country i leads, its domestic carbon tax is
strategically complementaryto thelagging country j 's carbon tax;
τ li ( j )
 j

τ bi ( j )
 j

 0 . And when country

τ li ( j )
 j

0.

i is behind, it is a strategic substitute;

 0.

Proof. The results for the Cournot competition case comedirectly
from (18), (19), (20), and (21). And For the Bertrand competition, see the
Appendix. Q.E.D.
When BCA is introduced, the effect of BCA dominates the mode of
competition on the best response, along with the strategic relationship
between home and foreign carbon taxes.
Since the lead country’s domestic carbon tax can influence imports,
it will take an aggressive attitude against foreign carbon tax policies. In
contrast, since the lagging country partly loses its control over its exports, it will adjust its domestic carbon tax in accordance with the new
level of control power.

V. Concluding Remarks

In this study, we have looked at the effects of border carbon adjustments in a strategic trade policy framework. Main results are as follows.
First, BCA allows a government to relax the incentive of ecological
dumping, defined as lowering its domestic carbon tax with a protectionist motive. In this respect, BCA plays a certain role for competitiveness concerns. Second, BCA creates a divergence of marginal abatement effect on global emissions between countries’ domestic climate
policies in that a country with a higher (lower) carbon tax can have a
greater (smaller) effect, compared to the case without BCA. Third, strategic relationships between home and foreign carbon taxes depend on
the relative position in the stringency of carbon tax, not the mode of
competition. When a lead country increases its carbon tax then the lagging country increases its own, since the lead country can use BCA as
an import barrier. In contrast, the behind country decreases its carbon
tax when the lead country makes increases, to subsidize its exports.
From the results of such policy and reaction divergence, we may expect BCA to introduce another issue which makes reaching an agreement on multilateral negotiation seven harder. That is why we need to
pay attention to issues originating from strategic trade policy motives,
in the debate over BCA in the international arena.
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Appendix

[Bertrand case]
Define consumer utility;

U i = qii  q ij 





  

2
1 i 2
qi  q ij  2bqii q ij  y
2

where the parameter b  0,1] is a measure of the degree of product
differentiation, where b = 1 implies that the goods are homogenous.
With a fixed income, utility maximization then yields the following
inverse demand functions:

pii = 1  qii  bq ij and p ij = 1  q ij  bqii
From these, we can derive the demand function,
1  b  pii  bp ij and j 1  b  pij  bp jj . For given ( B, ) , a
qii =
qi =
1  b2
1  b2
firm chooses its price to maximize its profits, yielding the following
best responses;
pii  p ij  =

1  b   i i  bp ij
2

  1  b   2  B  bp

pij p jj =

i i

j

j
j
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At Nash equilibrium,

pii =
pij =

2  b1  b  2 i i  b j j  Bi 
4  b2
2  b1  b  b j j  2 i i  B j 
4  b2

Plugging these equilibrium prices gives us back the equilibrium
production level;

2  b  b  2  b    b 
=
4  b 1  b 
2  b  b  2  b    b 
=
4  b 1  b 
2

q

i
i

i i

2

2

qij

j

j

 b(1  b) Bi

j

j

 b(1  b) B j

2

2

2

i i
2

2

Given a firm’s behavior, each government chooses its domestic carbon tax to maximize social welfare. Following a similar progression for
the Cournot case, we can get the best response of carbon tax;

τ li ( j ) =



 j j   d d  c








where  =  i 12  4b  8b2  b3  b4 > 0 ,  j =  j 8  4b  6b2  2b3  b 4 > 0 ,

d =  j 8  8b  6b2  2b3  b4  i 16  4b 12b2  b3  2b4  , c = 2b2  b3  b 4 .

Since  > 0 and  j > 0 for any b  0,1) ,

Appendix

τ li ( j )
 j

=
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j
>0


That is, a strategic complement in the lead case. Next, the best response in the behind case is given by

τ ( j ) =
b
i

 (2  b  b 2 ) j  d  1  b

i

where  = (2  b ) i  b j .
2

τ bi ( j )
 j

= (2  b  b 2 ) < 0

since b  (0,1) . That is, strategic substitute in the case of a lagging
country. These results are similar to the Cournot case in that the carbon
tax of a lead country strategically complements its opponent’s, while
that of the lagging country strategically substitutes it. This result shows
that the strategic relationships between home and foreign carbon tax
depend on the relative stringency of carbon tax rates and the design of
the BCA, and the issue whether a competition is in price or quantity is
largely irrelevant.
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